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Tibial component

The invention relates in general to prosthetic knee joint deviees, and in

particular to bi-compartmen.a, devices for use in the lateral and med.a, compartments

of the tibia.

Considerable development has taken place in recent decades with regard to

knee joint replacement. However, continuous review of clinical experience wtth

unicompartmental menisca. knee implants has shown that problems can occur,

panicularlyinthecaseofreplacementofhelateralcompartment.
Whilst great

success has been achieved with media, compartmental replacement, dislocation ofthe

menisca. bearing in the lateral compartment remains a problem. The success rate of

such replacements has been limited, due to the fact tha, the lateral soft ttssues

(principally the lateral co.latera. ligament and the ilio-tibia. band) offer less certam

Lstance to detraction of the joint. There is also evidence to suggest that the lateral

compartment may lift offunder certain circumstances, such as during smgle leg

stance, resulting tn unequal .oading of the joint. The lateral collateral ligament ts a

much summer structure than the media, collateral ligament and mere is evidence to

suggest that i, is slack in the unloaded join,, except at extension. I, .herefore offers

mUch less resistance ,o beanng dislocation or lift-off ,han do me more inex.enstble

medial structures. On the lateral side, the tendon of the popli.eus musc.epasses

across the postero-latera. corner of thejoint. When the joint is replaced, the tendon

can ac, ,o propel the meniscal bearing towards the intercondylar regton where

dislocation can occur.

The early total condylar prostheses designed in the 1970's sacrificed both

cruciate ligaments as does their successor, the Insall-Burstein posterior stab.hsed

prosthests. Many of the prostheses designed in the 1980, sacrificed

cruciate ligament (ACL) but allowed retention of the posterior cruciate hgament.

Attempts to develop total join, prostheses where the ACL is also retained have
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generally been unsuccessful. The prosthetic components were either designed to

constrain anteroposterior translation^ movements and inadequate steps were taken to

prevent loosening, or the components were unconstrained relative to anterior/posterior

translation and many wore out.

It has been observed that during flexion and extension of the knee joint, the

contact points between the femoral and tibial condyles move in an anteroposterior

direction. The femoral component moves on the tibial plateau in a posterior direction

during flexion and in an anterior direction during extension. One of the problems

caused by absence of the ACL is increased anteroposterior movement of the femoral

condyle relative to the tibial condyle, which is responsible for further loosening of the

tibial component and often leads to dislocation. A conventional tibial component will

generally have a large central pin for location in the prepared end of the tibia. The

ACL may be present in a diseased knee but is usually removed to improve access to

the joint area during surgery, which is necessary to provide sufficient clearance to

15 insert the tibial component and provide a site for the central pin.

Examination of records of the state of the ligaments at the time of knee-

replacement surgery shows that in more than 50% of cases, both in osteoarthritis or in

rheumatoid arthritis, all the ligaments, including the ACL, were found to be intact.

Where present, these ligaments are generally sacrificed in the above surgical

20 techniques. Although tibial components having a central cut-out slot of the type

illustrated in figure 1, which can be inserted with the ACL in place, have been

employed, there will still be a tendency for dislocation or lift-off in the lateral

compartment.

In those cases where the ligaments are already absent, they may be

25 reconstructed. Since the attempts of the 1960's, the practice ofACL reconstruction in

young athletes, using muscle tendons as grafts, has become widespread and there is a

large body of surgeons for whom this operation forms a substantial part of their

practice. Although such routine reconstructions have usually only been performed in

young persons, following injury involving ligament damage, there is considerable
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scope for reconstruction in the elderly patients who are the usual candidates for knee

replacement, in cases where the ACL is absent.

From the foregoing it is apparent that a need exists for knee replacement

prostheses which provide sufficient stability in the lateral compartment and which are

suitable for joints with intact cruciate ligaments.

The aim of the invention is to provide a tibial component that will cause the lateral

ligament to be tightened relatively more than the medial. It is intended that such a

component be suitable in surgical situations where the anterior cruciate ligament is

retained, replaced or reconstructed.

In accordance with the present invention, there is provided a prosthesis for

implantation in the knee joint, said prosthesis comprising: a tibial component having a

first, upper surface and a second, lower surface opposite said first surface for

attachment to the tibia, said first surface including a lateral bearing region and a

medial bearing region, wherein the respective angles of inclination of said lateral and

said medial bearing regions of said first surface, with respect to said second surface,

are dissimilar.

Advantageously, the direction of inclination is between the anterior side and the

posterior side, and the angle of inclination of the lateral bearing region is more

positive than the angle of inclination of the medial bearing region. Preferably, the

difference in angle of inclination is approximately 2 to 4 degrees. The angle of the

lateral bearing region may be inclined positively to the second surface and the medial

bearing region substantially parallel to the second surface. Alternatively, with

appropriate changes made to the angles of saw cut in the tibia, the lateral bearing

region may be substantially parallel to the second surface, and the medial beanng

region inclined at a negative angle to said second surface, or the lateral bearing region

can be inclined at a greater positive angle to the second surface, and the medial

bearing region inclined at a lesser positive angle to said second surface. The beanng
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regions may be formed as flat plane plateaux. For added stability, the bearing regions

may be glven a convex, part-spherical or part cylindrical form. They can also be

formed with a convex lateral bearing region and a concave medial beanng region,

similar to the physiological knee, or alternatively with either the lateral region convex

and the medial region flat, or the lateral region flat and the medial region concave. In

practical terms, the angles of inclination of said lateral and said medial bearing

regions may be chosen such that, when attached to the tibia, the lateral bearing region

is inclined downwards at a lesser angle to the horizontal than the medial bearing

region, in an anterior to posterior direction.

There is further provided a method of implanting a prosthesis comprising sawing

the medial and lateral compartments of the tibial bone condyles and attaching the

prosthesis to the prepared surface of the tibial bone, wherein the angle of the saw cut

is chosen such that the posterior side of the lateral bearing region sits higher on the

tibia than the posterior side of the medial bearing region.

In an alternative aspect of the invention there is provided a prosthesis for

implantation in the knee, said prosthesis comprising: a tibial component for

attachment to the tibia, having a first, upper surface and a second, lower surface

opposite said first surface for attachment to the tibia, said first surface including a

lateral bearing region and a medial bearing region, arranged such that the respective

angles of inclination in sagittal planes of said lateral and said medial bearing regions

of the component in situ are different.

Preferably the lateral and medial bearing regions are inclined downward, the angle

ofdownward inclination of said lateral bearing region to the horizontal being less than

the angle of inclination of said medial bearing region, such that the posterior of the

lateral bearing region is higher than the posterior of the medial bearing region.

In a further aspect, the invention provides a prosthesis comprising a tibial

component having lateral and medial portions of differing height, wherein the

difference in height of the lateral and medial portions increases posteriorly, such as to
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progressively tighten the lateral ligament more than the medial ligament as the join,

moves from extension to flexion.

The complete prosthesis may further comprise intermediate meniscal bearing

components and a femoral component for attachment to the femur.

According to another aspect of the invention, there is provided a tibial component

having lateral and medial bearing portions and dimensioned such that a difference m

the respective thicknesses of the lateral bearing portion and the medial beanng portion

increases in an anterior to posterior direction.

A further aspect of the invention provides a tibial component having lateral and

medial bearing portions, wherein the thickness of at least one bearing portion changes

progressively from the anterior side to the posterior side.

Preferably the cross-sectional area of the lateral bearing portion in a sagittal plane

that bisects the lateral bearing portion is greater than the cross-sectional area of the

medial bearing portion in a corresponding sagittal plane. The change in thickness of

the lateral and medial bearing portions in the anterior to posterior direction is

advantageously described by the following expression:

tlat(p) " tlat(a) > Wd(p) " Wd(a)

WhereW , is the thickness of the lateral bearing portion to the posterior side,

,,„<„ is the thiekness of the lateral bearing portion to the anterior side, Wp, ts the

thiekness of the medial bearing portion to the posterior side andW„ is the tmekness

of the media! bearing portion to the anterior side. A further aspee. of Are invent™

provides a tibial eomponen, having a lateral and a medial bearing portion compnsmg

means for tensioning the lateral ligaments progressively more than the medtal

ligament.

To better illustrate the invention, it will now be described, by way of example,

with reference to the accompanying drawings.

"

Figure 1 illustrates a prior art tibial tray component in plan (la), side (lb) and

posterior (lc) views.
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Figure 2 depicts plan, S1de and posterior views of a tibial component according

to a first embodiment of the invention, for incorporation in a right-hand joint.

Figure 3 depicts plan, side and posterior views of a tibial component according

to a first embodiment of the invention, for incorporation in a left-hand joint.

Figure 4 depicts plan, side and posterior views of a tibial component according

to a second embodiment of the invention, for incorporation in a right-hand joint.

Figure 5 shows a side view of a tibial component according to a variant of the

second embodiment, for incorporation in a right-hand joint.

Figure 6 shows a side view of a tibial component according to an alternative

variant of the second embodiment, for incorporation in a right-hand joint.

Figure 7 shows a perspective view of a left-hand total knee prosthesis,

incorporating a tibial component according to the second embodiment of the

invention

The invention will be described in terms conventionally used to describe the

geometry of the knee. The knee has an anterior side (A) and posterior side (P), and is

divided laterally along sagittal planes (S) extending between the anterior and postenor

sides. A central sagittal plane divides the knee into medial and lateral compartments.

The tibia has a vertical, major axis T„ along its length, and a horizontal plane TN

defined normal to its major axis. In the figures, (A) denotes the anterior side of the

tibial component, (P) denotes the posterior side, (M) denotes the medial s.de, (L)

denotes the lateral side , (S) denotes a sagittal plane, T„ denotes the vertical axrs of

the tibia, and Tn the horizontal plane of the tibia.

Referring to figure 1, the prior art tibial component 10 comprises a generally

flat tray shaped to correspond to the cross-sectional shape of the top of a typically

prepared tibial bone, having an anterior side (A), a posterior side (P), and medial and

lateral sides (M) and (L). S L and S„ designate typical sagittal planes, in tins case

bisecting the lateral and medial bearing portions. The component has a first, upper,

major surface 11, which acts as a bearing articulation surface, and a second, lower,
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major surface 12, opposite the first surface, for attachment to the tibia. A central

cutout 13, open at the posterior side (P) of the component, is provided to allow the

tray to be slid into position onto a suitably prepared tibia, without being hindered by

the presence of the cruciate ligaments. To either side of the central cutout are defined

5 lateral and medial bearing portions having flat meniscal bearing regions 14, 15

parallel to the lower surface 12. The thickness of the component (height of upper

surface relative to lower surface) is constant across both bearing regions.

The tibia is typically prepared by sawing the top of the tibia in each

compartment at an angle of 7.5 • sloping downwards from the horizontal, relative to

10 the front of the tibia. A saw guide is pinned to the exposed bone of the proximal tibia

and rests on a shoe around the ankle at the distal end. The slope of the guiding surface

is set at an angle of 7.5° to this guide. This guide is used to remove a sliver ofbone

from the top of the tibia. The tibial component is then attached to the prepared end of

the tibia oriented with its cutout facing posteriorly.

15 With this arrangement, since the surfaces of the lateral and medial bearing

regions are parallel to one another, the lateral collateral ligament is insufficiently

constrained. A prosthesis with this arrangement will have a tendency to dislocate or

lift off.

The inventors have established by 3d digitisation and modelling of the healthy

20 knee joint that the articulating surfaces of the medial and lateral condyles of the tibia

are not parallel. The medial tibial condyle of the healthy knee joint is slightly concave

while the lateral condyle is slightly convex. Study of the digitised shapes of cadaver

specimens has enabled the positions of planar surfaces which best fit the two condyles

to be determined. A representative analysis of knee joints shows that on average, in

25 the sagittal plane, the angle of posterior inclination (i.e. in an anterior to posterior

direction) of the best-fit plane to the medial tibial condyle relative to the normal axis

of the tibia is around 2 degrees greater than the angle of posterior inclination for the

lateral tibial condyle, in other words, the upper surface of the medial condyle of the
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tibia slopes downward from front to back at an angle on average 2 degrees greater

than the upper surface of the lateral condyle.

Basing their ideas on this realisation, the inventors have developed an

improved prosthetic component, which takes into account the difference in postenor

inclination between the lateral and medial condyles.

Figures 2 and 3 illustrate right and left versions of a bicompartmental tibial

tray component 20 in accordance with a firs, embodiment of the invention, similar to

the conventional tibial tray component illustrated in figure 1. Tire component also has

a first upper, major surface 21, which acts as a bearing articulation surface, and a

second lower, major surface 22, opposite the firs, surface, for attachment to the ttb.a

(no. shown). By adjusting the angle of inclina.ion in the sagittal plane of the lateral

and medial bearing regions (24,25) to be different, the behaviour of Ore prosthettc

knee join, can be arranged to reduce me likelihood of dislocation in the lateral

compartment.

Figures 2 and 3 show the plateaux (24, 25) as flat surfaces inclined to each

other In surgery, a single saw guide is used to saw the surfaces of the lateral and

medial compartments of the tibia parallel to each other, preferably at an angle of

approximately 7.5° to the horizontal plane, normal to the major axis of the tibm. The

articulating beanng surface of the component in the medial compartment is inchned at

an angle P=0 i.e. is parallel to its under surface, so will also be inclined at an angle of

7 5°, when mounted to the prepared tibia. The articulating bearing surface in the

lateral compartment of the component is inclined at an angle a, in the region of 3.5°

to its lower surface, the component increasing in thickness in the anteroposterior

direction. Thus when the component is mounted to the prepared tibia sawn at 7.5° to

the horizontal it will provide a lateral bearing surface inclined at the lesser angle of 4°

to the horizontal plane, and consequently the height difference between the medial

and lateral bearing surfaces increases posteriorly. This will tend to keep the fibres of

the lateral collateral ligament tighter than physiological as the joint flexes and the
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femoral condyles move backwards, increasing the contribution of the LCL to resisting

bearing dislocation or lateral lift-off.

Although the relative inclination in the sagittal plane of the two bearing

surfaces with the component in situ will most probably be in the region of 2 to 4

degrees, the essential element is an appropriate difference in slope between the

bearing surfaces of the two compartments when the component is in situ, such that

the height of the bearing surface on the lateral side reduces progressively at a lesser

rate in the posterior direction than the height reduces on the medial side.

In Figures 2 and 3, the two plateaux are shown at the same level anteriorly and

therefore at different levels posteriorly. The invention encompasses designs in which

the lateral and medial bearing surfaces are at different levels both anteriorly and

posteriorly; it may be appropriate to arrange the component such that both lateral and

medial bearing regions are inclined relative to the lower surface of the component, but

at different angles, as will be discussed later in this specification.

It may be appropriate to provide the tibial component with a raised side wall

or flange at one side of the intercondylar cutout, as indicated at 26 in Figure 2, in

order to limit the extent of relative lateral/medial movement of the joint and to

prevent contact between the meniscal bearings or femoral condyles and the exposed

cut tibial bone.

Figure 4 (a) to (c) shows a second embodiment of the invention incorporating

a component (20) for a profiled meniscal bearing to provide added stability. In this

embodiment, by making the bearing surfaces of convex, curved form, the resistance to

dislocation can be further enhanced. The tibial plateaux are inclined to each other in

the sagittal plane as in Figure 2, such that, in situ, a plane fitted to the surface of the

bearing region in the lateral compartment (24) will be inclined at a lesser angle to the

horizontal than in the medial compartment (25). The curved bearing regions (24, 25)

shown are defined by convex surfaces of part-cylindrical shape. The surfaces can
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also be defined by convex surfaces of part-spherical shape. As shown in Figure 4 (d),

if only one compartment is provided with a curved surface, advantageously, less bone

removal may be required. The medial bearing region can be flat, with the lateral

bearing region convex as shown in Figure 4 (d), or alternatively, the lateral bearing

region can be flat and the medial bearing region concave. It is also envisaged that

bearing surfaces could be formed to more closely approximate the physiological tibial

condyles, with the lateral bearing region having a convex form, and the medial

bearing region having a concave form. Further improvements to stability may be

provided by differentially inclining the surfaces in the frontal plane, such that each

bearing region slopes downwards from the centre of the knee towards the exterior of

the knee.

The radius of curvature of the cylindrical bearing surface is a function of the

size of the prosthesis, and will increase for components destined for a larger knee.

However, it is important that the radius be kept within limits, to keep the overall

thickness of the tibial component as thin as possible, thus minimising the amount of

tibial bone that has to be removed to accommodate the component.

It is to be appreciated that the actual angles of the articulating bearing surfaces

of the tibial component are dependent on the angle of the saw cut in the tibia. A cut

angle of 7.5° posterior tilt has been found to be ideal, especially where the femoral

component is formed with spherical condyles, allowing the creation of equal flexion

and extension gaps. However, the tibial bone could be sawn at other angles, provided

that the relative change in thickness of the component in the posterior direction was

greater in the lateral compartment than in the medial compartment, with the angles of

inclination of the upper surfaces of the component correspondingly selected to

achieve the desired differential inclination, when the component is in situ on the tibia.

Figure 5 illustrates a possible variant to the first embodiment. The bearing regions

have different slopes but are inclined in the same direction, with the lateral bearing

region inclined at 5«/2° to the lower surface and the medial bearing region inclined at a
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lesser angle of 2°. Provided the tibial saw cut is made at an increased angle of 9 lA° the

resulting position of the lateral and medial bearing regions in situ on the tibia will be

the same as for the first embodiment. It is to be appreciated that with a reduced angle

of cut, in order to produce the necessary differential inclination, the component could

5 even have a lateral bearing portion where the upper and lower surfaces were parallel,

and a medial bearing portion where the upper surface was inclined in an anterior

direction, as illustrated in figure 6, where lateral and medial bearing regions have

angles of inclination a, P of 0° and -VA° (a negative angle indicating that the bearing

region slopes toward the lower surface from the anterior side to the posterior side - as

1 0 opposed to a positive angle where the bearing region slopes away from the lower

surface from the anterior to the posterior side). In this case, a reduced angle of cut of

4° would be necessary to achieve the same overall differential inclination as in the

first embodiment. It would also be possible to saw the tibial condyles at different

angles, with the lateral compartment inclined at a lesser angle than the medial one,

1 5 although this would necessitate a more complicated sawing arrangement. In this case

a component with parallel medial and lateral plateaux could be employed, having a

deformable central section, such that the lower surface of the component could

conform to the differentially inclined tibial compartments, once affixed to the tibia.

Where appropriate, separate lateral and medial bearing components could be

20 employed.

Figure 7 shows a complete left-hand 4-part knee prosthesis incorporating the

tibial component of the second embodiment. The lateral (24) and medial (25) bearing

regions of the tibial component are intended to co-operate in use with the lower

bearing surfaces of the intermediate meniscal bearings (30,31). The upper bearing

25 surfaces of the meniscal bearings cooperate in use with the bearing surfaces of a

corresponding femoral component (40). As the joint moves from extension to flexion,

the femoral component and meniscal bearings will move backwards on the bearing

surfaces of the tibial component. Due to the differential inclination of the lateral and
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medial beanng surfaces, the lateral ligament will be progressively tightened,

providing increasing resistance to dislocation as the knee is flexed.

Whilst Figures 1 to 6 do not show the means for fixing the tibial component

to the bone, it is to be appreciated that this could be achieved in a number of ways.

For example, a pin or pins could be applied centrally at the anterior side of the

prosthesis, sloping downwards and backwards into the bone. Alternatively, pins or

spikes could be applied laterally, as shown at (50) in figure 7. Such pins could either

be formed as an integral part of the prosthesis, or as separate elements. Slots may be

prepared in the tibia to accept the fixing means.

The component may be formed of any suitable surgically acceptable material,

such as cobalt chrome vanadium, alumina or zirconia ceramic, or plastic, such as

ultra-high molecular weight polyethylene (UHMWPE). Whilst the component

described in the above embodiments is of unitary construction it is to be appreciated

that it could also be constructed with separate lateral and medial bearing portions

secured to one side of a tray element, with the other side of the tray element for

attachment to the end of the tibia. Although the above embodiments have generally

been described in the context of 3 component total knee prostheses, it is to be

appreciated that the invention may also be applied with two component arrangements,

where the femoral and tibial components bear directly against one another. In such

arrangements, having a lateral tibial plateau which is higher posteriorly could prove

particularly useful in reducing any problems of lift-off in extension of the joint. The

tibial component in such arrangements may be formed from separate elements, as

mentioned above, with bearing portions of a suitable material (e.g. UHMWPE)

attached to a metal tray element. The differential inclination may be provided by

adapting the tray or the individual bearing portions.
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